INTRODUCTION
1700 h each day to minimize the impact of the diel metabolic cycle (Rodela and Wright, 2006) .
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After each experiment, fish were immediately euthanized (2 mL L -1 2-phenoxy-ethanol) and
fixed in 10% neutral buffered formalin for histological processing.
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Preliminary results indicated that most fish acclimated to both air and low ion water 1 8 8 initiated a ventilatory response at water DO levels greater than 50%. In order to more accurately 1 8 9 assess the oxygen level at which a respiratory response occurred in this group of fish, a second 1 9 0 experiment was conducted. Fish were acclimated and ventilation rates were measured as 1 9 1 described previously, but instead of immediately reducing DO saturation to 50%, steps of 100,
90, 80, 70, 60, 50, 40, 30 , and 10% DO saturation were used. Fish were fixed for histology 1 9 3
immediately after each experiment.
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Ventilatory frequency (V f ), relative amplitude (V amp ), gill ventilation (V G ), and apnoea were quantified at each level of hypoxia. Frequency was quantified by counting the number of voltage peaks recorded over the 10 min recording period. Amplitude recordings varied based on
the size of each fish and its precise location within the recording chamber and therefore only a relative measure of amplitude could be assessed. The amplitude of ventilatory movements at 1 9 9
10% DO was taken to be maximal, and the ventilatory amplitude at all other oxygen 2 0 0 concentrations was calculated as the proportion of this value. Visual observations of fish 2 0 1 exposed to 10% DO suggested that these fish were ventilating at maximum capacity, and 2 0 2 prolonged exposure to this degree of hypoxia was potentially lethal (Davis et al., 1990) . Relative 2 0 3 gill ventilation was calculated as the product of V f and V amp . Oxygen consumption rates,P crit , and the regulation index were measured using closed conforms to environmental oxygen levels (RI = 0), was calculated according to the protocol of
Mueller and Seymour (Mueller and Seymour, 2011) .
Gill histology
Euthanized fish were fixed in 10% buffered formalin for 24h, embedded in paraffin, and routinely processed for haematoxylin and eosin staining as described previously (Turko et al., Elements software; Nikon). The height of the ILCM was measured parallel to the lamellae, from A one-factor ANOVA with post hoc Holm-Sidak tests was used to test whether
treatments had a significant effect on ILCM height,P crit , or regulation index. A two-factor parameters and oxygen consumption relative to both normoxia (100% DO saturation) and text values are given as means ± s.e.m. water-acclimated fish was 2.7-fold and 2-fold higher than control fish, respectively (P < 0.05; 3 0 4
Fig
. 5B), while there was no change in the P crit of hypoxia acclimated fish (P > 0.05; Fig. 5B ).
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There was no significant difference in the regulation index between any treatment and brackish
water control fish (P > 0.05; Fig. 5C ). Our findings demonstrate that gill remodelling in mangrove rivulus had significant negative maintained significantly elevated ventilation rates as oxygen levels were progressively lowered.
This enhanced ventilatory activity maintained oxygen uptake initially (above ~50% DO 3 1 5 saturation), but the significantly higher P crit we observed in these fish suggests that increased ventilation was insufficient to compensate for reduced gill surface area at more extreme levels of hypoxia. Additionally, ventilatory activity did not immediately recover to pre-exposure levels in air-and low ion water-acclimated fish as it did in controls, suggesting that an oxygen debt had accumulated (Heath, 1973; Rantin et al., 1998 hypothesis that there is a lag-time limit to gill remodelling that can only be partially moderated
with a more sensitive hypoxic ventilatory response. Branchial respiratory function in mangrove rivulus acclimated to terrestrial conditions appears to be limited in hypoxic aquatic environments
until gill morphological changes can occur.
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Theory predicts that if the costs of gill remodelling are large, then adaptive phenotypic León, 1993; Padilla and Adolph, 1996) . In the wild however, mangrove rivulus emerse
relatively frequently on daily and seasonal time scales (Taylor, 1990; Taylor et al., 2008) . Is the plasticity would maintain aquatic respiratory function, but at a cost of potentially increasing the ILCMs, raising the possibility that differences in oxygen demand may have been a contributing well, many fish populations inhabiting relatively oxygen poor habitats have both enlarged gills 4 0 7
and reduced P crit compared to conspecifics from well-oxygenated habitats (e.g. Olowo and
Chapman , 1996; Chapman et al., 2002; Timmerman and Chapman, 2004; Mandic et al. 2009 ).
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Given the impact of enlarged ILCMs, it was surprising that the P crit of hypoxia-acclimated acclimated fish (Mueller and Seymour, 2011) .
Overall, these results indicate that gill remodelling in mangrove rivulus is a relatively consequences for tolerating rapid environmental change. on the physiological and behavioural responses of the oscar, Astronotus ocellatus, to hypoxia. valuable resource for experimental research. PLoS ONE 5, e12863.
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